An assay is described for feline leukaemia virus pseudotypes of murine sarcoma virus which increased the virus titre by about ioo-fold over conventional assays. The titre is independent of dilution and no secondary focus formation occurs. The assay may be used to study virus neutralization and to detect and type feline leukaemia virus in feline embryo cells by interference.
Feline leukaemia virus (FeLV) pseudotypes of murine sarcoma virus, MSV (FeLV), are widely used in studies of FeLV especially in the detection and subgrouping of FeLV by interference tests (Fischinger & O'Connor, I969; Sarma & Log, I970 , in the analysis of FeLV envelope antigens (Sarma & Log, 1973) and virus neutralizing antibodies (Sarma et al. I973) , and determining the host range of FeLV isolates (Fischinger & O'Connor, i97o; Jarrett, Laird & Hay, I973) . Here we describe an improved assay for MSV (FeLV) . The advantages of this system are that it is more reliable and precise than previous methods, the virus titres obtained are higher, the assay can be read at least two days earlier and the foci can be counted easily by the naked eye after staining.
Infection of feline cells with MSV (FeLV) allows MSV to enter the cells by virtue of its FeLV envelope. In general MSV (FeLV) is defective and no new virus production occurs but if there is a dual infection of a cell with pseudotype and FeLV helper virus the cell will produce both MSV (FeLV) and FeLV which spread to adjacent cells causing their transformation with eventual focus formation.
In the conventional assay of MSV (FeLV), 2 to 5 × I o~ feline embryo (FE) cells are seeded in a 5 cm Petri plate and are inoculated after 24 h with virus. Transformed foci are counted 6 to 7 days later after one medium change at 3 to 4 days post-infection. FeLV as helper virus is added either to the culture fluid after MSV (FeLV) adsorption (Jarrett et al. I973) or is provided by using FE cells pre-infected with FeLV of a different subgroup as described below. This assay gives titres of lO 3 to lO ~ focus forming units (f.f.u.) per ml for various MSV (FeLV) stocks but in our experience was not reliable for two reasons. Firstly, the FE cells do not always grow to confluence in 6 to 7 days hence the foci were indistinct and in any case had to be counted microscopically. Secondly, we surmise that, although helper FeLV is necessary, the use of too much helper leads to the infection of most cells with FeLV making them restrictive to pseudotype of the same subgroup(s) by interference.
To avoid variable cell growth and helper level a two-stage assay was developed in which MSV (FeLV) was plated on initiator FE cells pre-infected with FeLV of a different subgroup to that of the pseudotype and then uninfected indicator FE cells were added I day later. This method has now been in satisfactory use for over a year.
In the new assay, pre-infected initiator cells are plated at 3"5 x io 4 per 5 cm plastic dish in 4 ml Eagle's MEM with Io ~ foetal bovine serum (EFB IO). The next day medium is removed and the pseudotype is adsorbed in o'5 ml of Leibovitz L-15 medium with IO foetal bovine serum (FBS) and 4/zg/ml of the polycation polybrene (PB). After 9o min the I4o Short communications At the time of staining most of the round transformed cells are removed with the medium and the foci appear as clear plaques in a confluent cell sheet. Up to I5o foci/plate are easily countable by eye. Fig. I shows an individual focus and foci on a 5 cm plate after staining. By this method MSV (FeLV) stocks commonly have titres of io 5 to Io 7 f.f.u./ml. Assay of a stock of MSV (FeLV) on four separate days gave the following titres: 2"73, 2"49, 2"I9 and 3"oo x io 6 f.f.u./ml. The standard error within each assay was less than IO ~ and analysis of variance indicated that each sample was drawn from the same population.
In Fig. 2 a graph depicts the assay of the same stock of MSV (FeLV) by old and new methods using, in each case, no helper FeLV, added helper, or pre-infected initiators. Without helper the measured titre drops with increasing dilution, but with added helper or on pre-infected initiators the titre is independent of dilution. The titre is higher when added helper is used than in the pre-infected initiator system; it appears that it is more efficient to have synchronous infection of uninfected cells with pseudotype and helper. However, for general use it is more convenient to use pre-infected initiator cells. For pre-infected initiators a higher titre is obtained by using polybrene during virus adsorption and for the following 24 h rather than only at adsorption. (7) represent the results of pseudotype plated on cells pre-infected with FeLV of subgroup B as a non-interfering helper virus. Curves (2), (3) and (4) differ in the treatment with polybrene (PB): (4) no PB; (3) PB at adsorption; (z) PB at adsorption and until indicators were added. In curves (I) and (6) pseudotype and helper were adsorbed simultaneously to uninfected cells. In curves ([) and (5) PB was used for one day after infection as in curve (2).
. Titration curves of MSV (FeLV). A single stock of MSV (FeLV) of subgroup A was assayed by the improved method with initiator and indicator FE cells (0--0), and by the conventional assay without indicator cells (©--©). In curves (5) and (8) pseudotype virus was adsorbed on to uninfected cells without helper FeLV. Curves (z), (3), (4) and
That the assay is not measuring secondary focus formation was shown by infecting initiator cells growing in plates containing coverslips. The coverslips were then transferred onto plates containing uninfected cells, either immediately after virus adsorption or at the time of adding indicator cells. On the donor plates no foci occurred in the areas from which the coverslips had been lifted while on the recipient plates foci were confined to the coverslips and were present in the same number as on the coverslips in the control plates.
The virus titre was proportional to the number of initiator ceils over their range of 2 to 6 x Io 4, but above 4 × I o~ the foci became smaller and less well defined as if more initiator cells produced too much helper virus which interfered with the development of large foci. Indicator cells may be used at 6 to I4× Io 5 but below IO × lo ~ it may be necessary to wait another day to obtain a confluent cell sheet. Above I4 × ]o 5 there may not be sufficient cell divisions for focus formation because DNA synthesis is necessary for virus production (Fischinger & Haapala, I97I) . The addition of zo ~ FBS to the medium with the indicator cells ensures rapid cell growth; if EFB Io is used foci are not formed. Neither are foci formed if indicator cells are added immediately after adsorption, as if a latent period of 2 4 h is needed for the initiator cells to produce progeny virus.
Polybrene can be used within the range 2 to 8 #g/ml and gives best results when used at 4 #g/ml during virus adsorption and for the subsequent 24 h. This concentration corresponds to the optimal level for adsorption of an avian sarcoma virus (Toyoshima & Vogt, I969).
Short communications
Pre-treatment of cells with DEAE-dextran and then PB at adsorption, as used in the assay of a murine leukaemia virus (Declbve et aL I974), did not increase the titre over PB used alone.
This assay can be used to study serum neutralization of the envelope antigens of FeLV by focus reduction of MSV (FeLV) pseudotype. The titres of IO 5 to IO v f.f.u./ml and the precision of the assay allow kinetic neutralization to be done by similar methods to those using lO 6 to IO v p.f.u, of other viruses, e.g. bacteriophages (Adams, 1959) .
The second main use of the assay is to detect, and determine the subgroup, of FeLV by subgroup-specific interference (Sarma & Log, 197I) . FE cells suspected of producing FeLV are used as initiators and are challenged by MSV (FeLV) of subgroups A, B or C together with a concentration of homologous helper FeLV sufficient to give about 5o0 foci in a 5 cm plate of uninfected FE cells. The test is done as described above for the assay. FE cells infected with FeLV are resistant to challenge with MSV (FeLV) of the same subgroup and no loci are observed.
The interference test has been adapted for use in microwell plates: 2 × IO 8 initiator cells in o-I ml of EFB Io are plated in each well. Next day the medium is replaced with o'o5 ml of EFB Io containing 4 #g/ml of PB and about IOO f.f.u, of MSV (FeLV) with the appropriate amount of FeLV helper. After a further 24 h this is replaced by 2 × ~o 4 FE cells in o.I ml EFB 2o. The cells are fixed and stained 3 days later. Cells of each culture to be tested are plated in a row of 8 wells. Two wells are challenged by MSV (FeLV) of each of the 3 FeLV subgroups and of the remaining 2 wells one is maintained as an initiator cell control and the other as an indicator cell control.
The microwell interference test has proved to give results identical to the conventional test (Jarrett et al. 1973) while being more reliable and much less expensive in materials, reagents and time.
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